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The variation in clinical manifestations is one of the most decep-
tive features of parasitic infections. Heavy infections cause a defi-
nite syndrome, are responsible for much invalidism, and may entail
a high mortality. Many are notorious for retarding the mental
and physical development of children. In milder infections, though
no specific signs may indicate their presence, they are a complicating
factor in association with chronic disorders such as tuberculosis,
gastro-enteritis, rickets, syphilis, etc. Finally, even mild infections
may play a role in protracting convalescence after such acute condi-
tions as pneumonia and typhoid fever.
From the earliest Colonial days and until the latter part of the
last century parasitic diseases were a serious cause of invalidism and
death in these states. In conjunction with other so-called tropical
diseases, notably yellow fever, cholera, and bacillary dysentery, they
were responsible for heavy mortality. Burrows tells us that remit-
tent and intermittent fevers, now known as malaria, were recognized
soon after the settlement of the Colony and thereafter caused much
sickness in the State. With the drainage of the land necessarily
associated with agricultural development the three malarial diseases,
which from records we know existed, became less prevalent. With
extensive commercial developments in the middle of the last cen-
tury malaria again appeared and for nearly two decades following
1870 was more widespread than in the early days of its endemicity.
This return of the infection is attributable to the extensive road
making, railroad building, factory construction, and especially to the
impounding of waters for the production of power. Thus were cre-
ated numerous pools, ponds, and swampy places admirably adapted
to the breeding of the mosquito vector of malaria.
Since Webster's time there are abundant records of severe and
frequent epidemics of dysentery in this State. While the majority
of these were probably due to bacteria, some outbreaks were con-
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ceivably associated with amebiasis. As recently as 1922-23 we have
authentic record of such in the town of Ansonia. This outbreak was
discovered and controlled by Knowlton and Hiscock, and reported
by them in 1925. That the infection is still endemic in this as in
all other States we know through several cases which we have treated
in our clinic, in each of which it was clear that the infection was
acquired in Connecticut.
Of other parasitic infections there is occasional mention in the
history of this State. As seen in his medical charge accounts, Jaspar
Gunn, of Hartford, prescribed for worms, probably ascaris, about
1658, and the Rev. Jared Eliot treated myiasis (maggots) in the
ear in 1729. In 1821 Coffin,* who mentions tapeworms and ascaris
in his practice, translated Brera's classic Treatise on Worms, and
dedicated it to the students of Harvard University. Other condi-
tions, including trichiniasis, are also known to have occurred in the
past.
ANIMAL PARASITES OF INTEREST AT PRESENT IN THE NORTH-
EASTERN UNITED STATES
Acarus scabiei, a mite, is responsible for scabies or itch, and the
maggots of some flies may breed in wounds or in the nasal or aural
passages and cause serious trouble, but otherwise we need not
further consider parasites of the phylum Arthropoda. The mite,
Pediculoides ventricosus, which causes avery troublesome itch, some-
times gives much trouble to workmen in cotton or straw, or to those
sleeping on new straw mattresses. The black widow spider (Latro-
dectus mactans) is gaining an unenviable notoriety, as it has
spread from the west to most States of the Union. In passing, it
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1804, of Brera's Lezioni medico practiche sopra i principali vermi del corpo umano
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Coffin, M.D., 1816. Boston, Published by Cummings and Hilliard, no. 1, Cornhill.
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should be mentioned that many of the Insecta, such as lice, bugs,
fleas, mosquitoes, houseflies, and some ticks which act as transmitting
agents are responsible for various infections which are of the great-
est importance to the Public Health Officer. Clinically, however,
we are more concerned with two groups of animals, namely, the
protozoa and the helminths or parasitic worms.
Parasitic Protozoa: In the human intestine many species of
these organisms are found from time to time. Among them are a
number of flagellated organisms including Giardia intestinalis or
Lamblia and Trichomonas hominis, against which, however, there
is no satisfactory scientific evidence of pathogenicity. Of the infu-
soria one species, Balantidium coli, is parasitic in the colon of man
and the pig and occasionally in the former is responsible for diarrhea
or severe dysentery. There are also five different amebae which
may live in the human colon. Against four of these no pathogenic
role has been proved, but they should be recognized so that if found
in diarrheal stools due to other causes they may not be mistaken
for the definitely pathogenic ameba, Entamceba Aistolytica.
Entamceba histolytica in its free-living, or trophozoite, phase
inhabits the human colon and especially the cecum. Havingdigested
the mucosa with a cytolytic ferment, it burrows laterally in
the submucosa and produces ulcers by hemorrhagic necrosis. If
the original infection is slight and if the host's immunity is good
only minute ulcers may result. In debilitated individuals, however,
or if there is pre-existing intestinal derangement, or if the initial
dose of amebae is large the destruction of tissue may be considerable
and the greater part of the colon, including the rectum, may be
involved. Furthermore, even in mild infections without objective
symptoms ulceration may involve a portal tributary with transfer
of amebae to the liver, where, if the parasites are not destroyed by
the hepatic and other cells, hepatitis or liver abscess will result.
Less commonly, abscessofthelungdevelops, usuallybydirect exten-
sion of a liver abscess through the diaphragm, while the still more
rare condition of brain abscess indicates invasion of the general cir-
culation. Occasionally abscess of the spleen, liver, or other abdomi-
nal organ follows extension of ulceration through the coats of the
adjacent colon. In very acute cases, such as are seen in the tropics
and such as occurred in the recent Chicago outbreaks, sudden uncon-
trollable hemorrhage may follow erosion of a large vessel. If all
coats of the intestine are involved in the ulcerative process perfora-
tion with general peritonitis may cause a fatal ending.
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When conditions are not suitable for the activities of the tropho-
zoites the parasites multiply rapidly and after becoming motionless,
secrete a substance which forms a highly resistant cyst wall. The
resulting cysts, mixed with the intestinal contents, are passed in the
feces and the person excreting them is known as a cyst carrier.
Such persons may never have been conscious of any disability; on
the other hand, the carrier may have been debilitated without local-
izing signs. There may be occasional and transitory abdominal dis-
comfort especially following indiscretions in eating and drinking.
Some patients are constipated but they more frequently report alter-
nating periods of constipation and diarrhea, the latter not being dis-
tinctive in character but sometimes streaked with mucus or with
blood and mucus. Other patients describe definite attacks of amebic
dysentery in the past or a series of such with intervening periods of
fairly good health. During these attacks they complain of cramps,
general abdominal tenderness, and localized pain in the right lower
quadrant. Tenesmus is present if the rectum is involved. Most
frequently the condition is afebrile or the temperature is only
slightly raised. In such acute cases the patient rapidly loses weight
from anorexia, sleeplessness, etc. The constant loss of blood results
in a marked secondary anemia. The great variation of symptoms
in different cases and in the same patient at different periods
depends on the number of amebae and the nature of their activities
at any particular time.
While it would be quite impracticable to treat all cyst carriers
in anycountry, yet in clinical practice whenever cysts of E. histolytica
are found the patient should be treated. Treatment generally
results in an improvement in the patient's sense of well-being, even
if he had previously had no symptoms. Without any obvious
reason or following any gastro-intestinal upset from another cause
a latent amebic infection may light up and cause symptoms. Liver
abscess may at any time develop and finally, the cyst carrier, the
infective agent, is a menace to his fellows particularly where sanitary
conditions are imperfect. The cysts, when passed in the feces are
capable of surviving in a minimum of moisture for six or more
weeks. If, during this time they are transmitted by flies to the
food of man or by well or stream water, or by drinking water which
has passed through the mains of buildings with faulty plumbing,
they pass through the stomach unchanged. In the small intestine
the cyst wall is digested and the liberated parasites pass to and
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through the ileocecal valve to the colon, where growth and multi-
plication depend upon the suitability of the local conditions.
Naturally the more massive the original infection, as for instance,
where the water mains are directly polluted, the heavier will be the
infection and the more rapid will be the development of the clinical
manifestations.
Although we have not yet a perfect drug for treatment in
amebiasis, there are several which may effect a disappearance of the
parasite and cure in from 75 to 95 per cent of cases. Foremost in
popularity at the present time are carbazone, vioform, and iodoxy-
quinolin sulphonic acid (anayodin). We have had very good success
with anayodin given in doses of four pills three times a day for
eight days, or until 96 pills have been taken. No toxicity with this
drug has been noticed. Sometimes the full dosage increases the
diarrhea and causes a feeling of scalding at the anus on defecation.
This may be relieved by reducing the dosage to three or two pills
at a time; but once begun, the treatment should not be discon-
tinued until all the pills have been taken. We have given the same
treatment in smaller doses to children of three years of age. The
drug is expensive.
For hepatic amebiasis none of the foregoing seems to be reliable,
and emetine is the only drug known at present which is worth using
when hepatitis or liver abscess is suspected. The drug requires the
greatest care in its administration for it has a depressant action on
the heart and in some cases auricular fibrillation and dilatation with
resulting heart failure have followed its use. Its action is cumula-
tive and therefore only limited quantities may be given for a com-
plete treatment. There is reason to believe that in many cases where
accidents have occurred an impure drug was used. The best com-
pound to use is emetine hydrochloride. This is given in half-grain
doses morning and evening by hypodermic injection into the sub-
cutaneous tissues until twelve grains have been administered. This
total should in no case be exceeded and it should never be repeated
(if it be found necessary to do so) until a full month has elapsed
since the termination of the first treatment. During its administra-
tion the patient's blood pressure should be studied morning and
evening and with any marked fall the drug should be discontinued.
At the same time the cardiac region should be examined daily for
any evidence of enlargement. With the above precautions we have
observed no complications during or following treatment with this
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drug. If it is necessary to operate on liver abscess this treatment
should be given during convalescence. If a case of intestinal
amebiasis relapses a course of emetine hypodermically may be given
along with one of the other drugs given orally.
Malaria: This infection happily requires less attention from
physicians in this State than it did formerly. However, sporadic
cases still occur, and citizens andresidents from abroad or immigrants
keep us on the alert to recognize and treat it. Furthermore, with
any relaxation of supervision of works which might create breeding
places for the transmitting anopheles, which is ever present, an
extensive outbreak might easily occur, as past history in this State
and the more recent war history in England have demonstrated.
There are three kinds of malaria, tertian caused by Plasmodium
vivax with a febrile paroxysm every 48 hours, quartan caused by
Plasmodium malariae, with such a paroxysm every 72 hours, and
estivo-autumnal caused by Plasmodium falciparum, which is known
also as malignant or cerebral malaria in which the clinical course
varies considerably. The paroxysm in each of the first two condi-
tions consists of a rigor followed by high fever for several or more
hours and terminating with profuse sweats. For some hours the
patient feels exhausted but he soon convalesces. With repetition
of attacks over a long period they tend to lose their uniformity.
The patient becomes weak and anemic and is more liable to other
infections. The estivo-autumnal malaria is the most malignant of
all. Usually the course of the fever is very irregular and the rigor
stage is much less marked than in the other forms. On the other
hand, the fever is more prolonged and is sometimes continuous. It
is frequently accompanied by vomiting, pain in the limbs, anorexia,
very severe headache, and depression. Gradually or suddenly the
patient may pass into coma. Convulsions are especially common in
children and may be the first sign of the disease. Often the
paroxysms overlap and the patient passes from attack to attack and,
as a result, he becomes rapidly anemic and wasted. In addition,
various pernicious symptoms may complicate the picture at any time.
The most alarming are bilious remittent, hyper-pyrexial, and coma-
tose forms. Algid forms associated with collapse may occur during
the rigor stage or the sweating stage may become excessive and fatal
syncope result on the slightest effort made by the patient. Less
common but very fatal forms of this infection are dysenteric, chol-
eric, and hemorrhagic. It should be remembered that a patient
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may have a double infection of the same species of parasite or of
several species. In manyinfections the spleen is enlarged, especially
in tertian or quartan infections, but the only reliable diagnostic sign
in any suspected case is the finding of the malarial parasite in films
of blood. When found, it is important to differentiate the species,
since treatment varies according to type.
It is advisable to treat all patients in bed. In tertian and quar-
tan, rest in bed and soft diet following the administration of a saline
purge give the patient a chance to develop immunity to the parasite.
After one or two attacks the subsequent ones tend to be milder and
the reduction in red cells and hemoglobin with each attack tend to be
less marked and blood restoration more rapid. After one or two
attacks, and especially if there are signs of improvement, the patient
should be given daily, for theperiod of a week, five grains of quinine
hydrochloride in powder, swallowed with water, or in solution.
After this therapy the blood is examined and if parasites are found
or if symptoms reappear the same treatment is repeated, and so on.
On the other hand, if parasites or symptoms are absent, quinine
therapy is discontinued unless symptoms develop during the follow-
up period of six months. With estivo-autumnal malaria, however,
one cannot rely on the development of immunity in the same way.
Grave symptoms may develop with the most dramatic suddenness.
With this infection treatment should be commenced as soon as the
condition is diagnosed, and if symptoms persist after a week of drug
treatment it should be continued until a few days after the signs of
disease have been absent and parasites cannot be found in the blood.
In cases of coma the dosage may have to be increased to 15 grains
three times a day until the patient becomes conscious. Atebrin is
popular with some workers. It may be given in 0.1 gram doses
three times a day for seven days instead of quinine or if a second
course of treatment is necessary after the week's rest, quinine may
be given with one course and atebrin for the other. Its use is some-
times accompanied by a yellowness of the skin and abdominal dis-
comfort or even colic. It is a significant fact that some workers
in countries with a high malarial index do not like to risk treating
estivo-autumnal malaria with atebrin. Plasmochin does not seem
to exercise a marked effect on the schizogony stages of the parasite
which causes malarial symptoms. It is of use, however, in destroy-
ingthe sexual orgametocyte forms whereby the anopheline mosquito
transmits malaria. If, therefore, following treatment for malaria,
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gametocytes are found in the blood, plasmochin in doses of 0.02
gram twice weekly for two months will insure against the patient
acting as a carrier.
Helminthic Infections: Both roundworms, or nematodes, and
tapeworms, or cestodes, are represented in these Northeastern States.
The round worms which are indigenous in this region are Ascaris
lumbricoides or round worm, Enterobius vermicularis or pin, seat,
or thread-worm, Trichuris trichiura, the whipworm, and Trichinella
spiralis.
Ascaris lumbricoides, the round worm, has been known since
ancient times and probably appeared in these regions coincident with
the original settlement. The female worm is from 20 to 35 cm. in
length, while the male is smaller. They live usually in the small
intestine where the average female lays 200,000 eggs per day. The
latter are easily recognized in the feces as brown, mammillated, oval
structures about 50 x 45 micra in size. The unsegmented ovum on
the ground will, under suitable conditions of warmth and moisture,
develop until a larva is formed. Freezing and desiccation do not
usually kill the eggs. They resist strong chemicals but they are
killed by a moist heat of 800 C. In contaminated soil they will
live for six years. Infection occurs by hand to mouth after touching
contaminated soil. It is commonest where sanitation is lacking or
imperfect and especially where defecation is performed near the
house, porch, or in the grounds near homes or rural schools. Whole
families are liable to be infected and are known as ascaris families
and are especially important in the local dissemination of infection.
On being swallowed the eggs are hatched in the duodenum. The
liberated larvae penetrate the intestinal wall and entering lymphatics
and veins are carried, via the heart, to the lungs. Here they leave
the blood stream and burst into the alveoli causing hemorrhages.
In heavy infections during this period they cause bronchitis and
pneumonic symptoms. It should be noted that where ascaris infec-
tion is common there is a high index of respiratory diseases, especi-
ally among children. From the alveoli the larvae migrate via the
bronchi and trachea to the epiglottis and then down the esophagus
and through the stomach back to the small intestine, where, within
two months after exposure to infection, they reach maturity. The
adult worms cause general toxemia and nervous symptoms. Reflex
nervous symptoms are especially common in children. There may
be voracious appetite, anorexia, obstinate constipation, foul breath,
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grinding of the teeth, and, in small children, convulsions. By their
large numbers they may cause acute intestinal obstruction. They
frequently wander and have been vomited up or have appeared
through the nares. They may block the common bile or pancreatic
duct. They have been found in the appendix at operation and in the
peritoneum after causing death by perforation and general peri-
tonitis. Prophylaxis depends on proper sanitation, the disuse of
night-soil as a manure for vegetables, and the boiling of the latter
before consumption. All cases should be treated and this is partic-
ularly necessary for ascaris families.
Enterobius vermicularis, the pin, seat, or thread-worm, is the
commonest round worm in the northern states and its prevalence
seems to depend more upon personal habits than upon climate or
general sanitation. It is only known to occur in man. The male
worms which measure from 2 to 5 mm. and the females from 8 to 13
mm. livenormallyinthe cecumandneighboringcolonandsometimes
in the appendix and lower part of the small intestine. Their heads
are attached to the mucous membrane in these situations where they
remain until the females are fully gravid. The latter then release
their hold and pass along the colon to and through the anus where
they crawl into crevices and between the anal hairs and into the
vagina of the female. In these regions the worms become dry and
die, releasing large numbers of ova which contain fully developed
or infective larvae, or the larvae may be liberated by the patient
scratching and so bursting the worm. These perineal migrations
which generally take place at night are associated with intolerable
itching. During the scratching which temporarily relieves the con-
dition, the ova get under the finger-nails and reaching the patient's
mouth cause reinfection, or the ova which resist drying may, by
adhering to the patient's linen, infect any person who touches it.
The eggs, after being swallowed, pass through the stomach and
hatch in the small intestine whence the larvae make their way to the
locations mentioned without having to migrate through the body as
do some other nematodes. The full development from the time
the eggs are discharged at the perineum until the females are
fully gravid is about two months. As a patient may be constantly
reinfecting himself worms of different ages may be present in the
intestine at the same time.
Inflammation may develop around the worms in the intestine or
in the appendix. Occasionally local necrosis of the mucosa may
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occur. Congestion and eczema of the anal and perineal region are
not uncommon and subcutaneous tumors may develop.
Intense pruritus in the anal and perineal regions is generally the
most prominent symptom. It is most marked at night during
worm migration. It keeps the patient awake. He becomes rest-
less and irritable and generally debilitated from lack of sleep, while
absorption of toxins may aggravate the nervous symptoms. In
females, vaginitis may occur. Owing to the irritation and scratch-
ing, sexual disturbances may occur in both sexes. If necrosis of the
intestinal mucosa occurs severe reflex symptoms may develop.
Since the eggs are not discharged in the intestine they are not
usually found by microscopic examination of the stool but may be
discovered in scrapings or wipings around the anus or they may be
detected within the worms recovered near the anus or by a high
soap saline enema. The gravid females may also be detected on
the surface of recently passed stools.
Trichuris trichiura, or whipworm, is not of serious clinical impor-
tance, although owing to its attachment through the mucosa in the
cecum, where it lives, it may allow entry for invading bacteria. It
may also conceivably get into the appendix and cause inflammation.
It is a very common parasite and lays barrel-shaped eggs 50 by 22
micra in size. From these larvae develop in two to three weeks
and man is infected by swallowing these matured ova. The larvae,
on hatching, pass directly along the small intestine to the cecum
without traveling about in the body.
For pinworm, round worm, and whipworm santonin, oil of
chenopodium, and aspidium by mouth and by high enemata have
been found effective. Recently very successful results have been
reported by the use of hexylresorcinol. The following instructions
by Dr. Lamson for treatment with hexylresorcinol crystoids should
be carefully followed.
1. A light evening meal consisting of soft foods only.
2. Give the dose the following morning on an empty stomach.
3. The dosage for adults and children over 12 years is 5
crystoids.
Children 8 to 12 years-4 crystoids.
Children 6 to 8 years-3 crystoids.
Children under 6 years-2 crystoids.
4. A saline purge should be given 24 hours after treatment tb
remove the dead worms.
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5. Retreatment, especially with pinworm, is sometimes necessary
because of reinfestation or because the patient has not followed
instructions as to food.
The thorough cooperation and preparation of the patient are
particularly necessary to success of treatment In cases of pinworm
the finger-nails should be cut dose and a diaper should be worn to
prevent reinfection of the patient. Since the gravid females are
most easily removed and since several younger generations of para-
sites, less easily removed, may be attached to the mucosa, at least
two (better three) treatments should be given at intervals of a
week if hexylresorcinol is used and at longer intervals if oil of
chenopodium or aspidium is given. It is important to ascertain
if other members of the family are infected and if so, all patients
should be treated at the same time. This is especially necessary if
a child found to be infected is known to sleep with others in the
family. For the intense itching associated with the passage of
worms the anus should be treated with mercurial or other soothing
ointment.
Trichinella spiralis causes trichiniasis, a disease with a high mor-
tality especially during epidemics. The parasite which was once
notoriously prevalent is still far too common in this-country and
small outbreaks, as well as sporadic cases, occur everywhere. The
rat is the reservoir for the parasite and, being cannibalistic, keeps the
infection going. When the pig eats dead rats it becomes infected
and the flesh of the pig becomes diseased. When the latter, insuffi-
ciently cooked, is consumed by man he becomes infected. The
encysted larvae oftrichinous pork when ingested by man are excysted
by the gastric juice. Thus liberated they pass to the duodenum
where they attach themselves to the wall, penetrate it, and grow to
the adult stage. During this stage intense inflammatory changes
result, manifested clinically by acute enteritis with abdominal pain
and diarrhea, nausea, vomiting, high temperature, and sometimes
by hemorrhage. On maturing, copulation takes place and there-
after the males die and are passed in the feces. The females develop
to maximum size, bore more deeply into the tissues, and in six to
seven days begin depositing their viviparous young into the lym-
phatics and mesenteric veins. Each female produces about 1500
larvae. The latter, measuring about 100 micra in length, may be
found in the arterial circulation between the seventh and twentieth
days. By this route they are carried to striated muscles in practi-
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cally all parts of the body. Migration lasts from five to six weeks
or while the females remain in the intestines before dying. During
this period there is severe myositis especially in the involuntary
muscles, diaphragm, intercostals, tongue layers, and also near the
tendinous insertions of such large muscles as the biceps, deltoid,
and gastrocnemius. Other symptoms liable to occur at this time
are dyspnea and difficulty in mastication and swallowing. The
patient may also complain of painful speech. Edema, especially
around the eyes is common. The temperature is usually high and
shows a tendency to remit. There is a marked leukocytosis, and
eosinophilia is usually high,-30 to 60 per cent at this stage. When
the larvae reach their destination in the muscles the fibers involved
and those immediately adjacent are destroyed. The intermuscular
tissue is thickened and hyperplastic tissue is formed to make a cyst
around the larva, which lies coiled within. Edema is even more
marked at this period and delirium or coma may precede a fatal
result or the patient may die of lung complications. In milder
infections the symptoms disappear very slowly. The patient com-
plains of muscular pains for a long time. Gradually the anemia
improves under suitable treatment and the eosinophilia disappears.
In such cases the cysts around the parasites become-calcified and
sometimes the enclosed larva becomes calcified as well.
Diagnosis depends on the definite history of a patient having
eaten improperly cooked pork. It is very suggestive if other mem-
bers of the family or party develop severe or even mild symptoms.
The train of symptoms with high eosinophilia and leukocytosis is
also strongly indicative of trichiniasis. Rarely the dead adult male
worms may be found on examination of the feces in the early stages.
While the larvae are circulating in the blood they may be found in
the sediment of 10 cc. of centrifuged citrated blood. In doubtful
cases biopsy is justified and the parasites, if present, will be readily
detected in muscle compressed under the microscope, even without
staining. When calcification of the cyst around the larva has taken
place shadows may be demonstrated by the roentgenogram. Augus-
tine describes a skin test using as antigen powdered larvae recovered
from artificially infected pigs.
Treatment is purely symptomatic. Fouadin or tartar emetic
might be worth trying if heart complications do not contraindicate
their use. In the very early stages vigorous purgation may remove
the worms before maturation and propagation have taken place.
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Prophylaxis depends on the thorough cooking of all pork.
According to Faust, drying helps to destroy the larvae while refrig-
eration at 50 F. for three weekly periods is fairly reliable. The
encysted larvae in the pig resist the ordinary commercial methods of
smoking and salting. When a case of trichiniasis is diagnosed it
should be reported and every effort made to determine the farm
from which the meat came. The hogs then should be carefully
inspected and if found to be trichinous, should be destroyed. If
the disease is widespread among pigs on such a farm trapping and
investigation of rats for trichina is advisable, as well as is inquiry into
the feeding of the pigs.
Cestodes: Diphyllobothriurm laturm: This tapeworm demon-
strates the possibility of importing parasitic infections which may
become indigenous. About seventy years ago the first case of infec-
tion with this parasite was reported in a Canadian officer. Soon,
further reports appeared and with increasing frequency until now
it may be said that this fish tapeworm is commonly found in some
communities ofall the Northern States. Introduced first by Scandi-
navians, in whose country the infection is very prevalent, many
species of fish in the waters near the Great Lakes have become
infected. The large eggs, 70 by 45 micra, with an -operculum or
lid at one end, develop in diluted feces in from three to five weeks.
When mature, a six-hooked and free-swimming embryo escapes at
the operculated end. It is ingested by some species of crustacean
belonging to the genera Cyclops and Diaptomus, and in two or three
weeks develops into a procercoid larva. When, now, the crustacean
host is swallowed by a plankton-feeding, fresh water fish the larva,
liberated in the latter's stomach, penetrates its wall and finds its
way to the flesh and connective tissues where it becomes an infective
larva. If man now eats the fish insufficiently cooked the worm
develops to maturity in his small intestine in about six weeks. The
adult parasite varies from three to ten or more meters in length
and consists of 3,000 or more segments. The small head is elongate,
racquet-shaped, and has deep lateral grooves but no definite suckers
or hooks. The large gravid segments behind the neck are broader
than they are long thereby differing from those of the beef and pig
tapeworms, T. saginata and T. solium. Ordinary refrigeration does
not kill the larvae in the fish and therefore the infection is trans-
ported to cities and towns far from the source of infection. Infec-
tion seems to be especially common among Orthodox Hebrews
631YALE JOURNAL OF BIOLOGY AND MEDICINE
who use some of the fish from the Great Lakes area to make
their dishes. Several members of a family may be infected.
There may be no definite symptoms as the result of infection but
the clinical picture may be like that associated with infection by
T. saginata. In addition, in some cases a clinical picture called
dibothriocephalus anemia is found. The anemia is marked, with
petechial hemorrhages of the oral mucous membranes and edema of
the face and joints. The red blood cell count may be reduced as
much as one or even two million, with nucleated reds, anisocytosis,
and poikilocytosis. There may be leukopenia with marked eosino-
philia. The hemoglobin is also reduced and may be as low as 30
per cent. With the other objective signs of anemia there may be
slight irregular elevations of temperature. Pophylaxis depends on
the proper cooking of all fish and the thorough treatment of all
cases, especially in areas of poor sanitation, to prevent dissemination
of infection among local waters.
Taenia saginata is cosmopolitan, occurring wherever man eats
beef infected with the larval or cysticercus stage of the parasite.
On escaping from the gravid segments of the worm in the intestine
of man, the eggs are mature, about 35 by 25 micra in size, and con-
tain a six-hooked embryo. Cattle become infected by grazing near
polluted soil containing these eggs. In the stomach of the ox the
embryo is liberated, penetrates the gut and lymphatics, and is thus
carried to various muscles, especially the tenderloin, pterygoid, and
heart. In them it develops into a bladder-worm, the Cysticercus
bovis, which contains a scolex armed with suckers. This is the
infective stage for man and if he eats the meat, improperly cooked,
he becomes infected. In the small intestine the larva on hatching
adheres to the mucosa by its hooklets, which are soon lost and the
developing parasite holds on by means of four suckers on its head.
The worm growing from behind the head reaches maturity in about
three to five weeks. It is one of the largest of the tapeworms,
reaching as great a length as 25 meters, although the average is from
10 to 15 meters. It consists of about 2,000 segments which are
longer than are those of T. solium, the pig tapeworm, and much
longer than those of the fish tapeworm. As the segments become
full of fertile ova they fall off and are macerated in the feces
where the eggs are liberated and are finally passed per anum.
The ova may be found in routine examination of feces in a per-
son who is not conscious of symptoms. In others there may be
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anorexia, alternating constipation and diarrhea, and indigestion. It
is sometimes responsible for sleeplessness, restlessness, and great
irritability among children especially, when the worm is reaching
full size, and a continuation of the symptoms over a long period
materially retards development and affects their dispositions.
The diagnosis depends on finding the ova or separate segments
in the feces. Sometimes eosinophilia in conjunction with symptoms
suggests examination of the stool.
Several drugs are useful in the treatment of the threetapeworms.
The object is to get the head of the worm since it is only with the
removal of the head that one is rid of the worm. No matter how
many segments are passed the worm will grow again if the head
remains. The method of treatment which we have found to be
most satisfactory is that suggested by Low and Lane.
Place the patient on liquid diet for two days. On the afternoon of the
second day, a dose of calomel or salts is given and some clear soup or milk
in the evening. Next morning, the third day, a cup of black coffee may be
taken and then 3 capsules, each containing 30 minims (2 cc.) of the liquid
extract of male-fern are administered at intervals of half an hour, say at
9 a. m., 9.30 a. m., and 10 a. m. Thus a total of 6 cc. is given. Two
hours later a saline aperient is administered to purge the patient and wash
out the worm.
It is well to give a second dose of salts on the second day if the
head is not passed during the first 24 hours after treatment. In
our experience the head of D. latum is much more easily recovered
than is that of T. saginata. If the patient is not readily cured with
male-fern it may be well to use hexylresorcinol as described for
nematode infections. While some favorable reports have been made
on the use of this drug for tapeworm, the number of cases so treated
is far too small to evaluate results.
Thus, as far as indigenous parasites in these Northeastern States
are concerned, we have much the same varieties as are found in
the British Isles, although it would appear that we have more clin-
ical amebiasis and trichiniasis than is encountered in those countries.
But we are faced with another problem contributed by the large
population of foreign-born residents from southern Europe and the
Orient and a fair population of our own citizens from the tropics,
especially from the Caribbean Islands, to say nothing of the colored
laborers migrating north from the Southern States. All of these
633YALE JOURNAL OF BIOLOGY AND MEDICINE
people are importers of parasites. It is necessary to consider them
for several reasons, the first being that the possibility of a patient
having a parasitic condition must not be overlooked, second, that an
imported infection may find conditions suitable and become epidemic
as did D. latum. In the 1930 census of this State there were
382,871 foreign-born whites and 521 Orientals. Amongthese were
the following parasite-bearing races: Scandinavian 23,488; Greeks
3,337; Italian 87,123, and Portuguese 2,345. Space does not per-
mit a detailed consideration of the clinical and pathological condi-
tions which arise from all the varieties of parasites which some of
these people may harbor, but when considering obscure disease con-
ditions among them, it may be well to think racially or geographi-
cally and the following facts may be worth bearing in mind.
D. latum infection occurs in a fair number of Scandinavians. Many
of the cases of hydatid disease due to the dog tapeworm, T. echino-
coccus or Echinococcus granulosus, occur in Italians or Greeks.
Among these races also occur more cases of clinical amebiasis than
are apt to be found among native-born Americans. From Greece
and Italy also we sometimes meet that very fatal disease, kala-azar,
especally in the infantile form. Similarly, these people may be
infected with the pig tapeworm, T. solium, which is very rare among
our native-born. The larval form of this worm, Cysticercus cellu-
lose, may be responsible for severe neurological or eye symptoms.
The Puerto Ricans offer a special problem. They are heavily in-
fected with parasites which, by causing serious invaliding, interfere
with their economic progress. Hookworm, ascaris, and malaria are
common among them and a number have schistosoma infection of
the liver and intestine while many have come to this cooler
country to avoid the frequently recurring attacks of filarial lymphan-
gitis which are common in their own country. The Chinese and
Japanese frequently have hookworm, ascaris, amebiasis, the liver-
fluke disease caused by Clonorchis sinensis, or they may suffer from
endemic hemoptysis due to the lung-fluke, Paragonimus wester-
manni, and the ova of which may be found in the sputum or, if the
latter is swallowed, in the stool.
Missionaries in foreign fields, by the very nature of their work
in unsanitary surroundings, are especially liable to parasitic infec-
tions. Some of them are found to harbor several pathogenic species
at the same time and not uncommonly there is a family incidence of
parasitism among them. The same applies, though to a slightly
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less degree, in engineers, surveyors, scientists, etc. who have returned
from abroad, especially from tropical countries. It is advisable to
examine the blood and feces of all such persons for animal parasites
immediately on their return and to treat at once such conditions as
are found. With these groups, of course, as they may come from
any part of the world, any condition within the whole range of
parasitology may be discovered.
Conclusion
From the foregoing considerations it will be apparent that para-
sitic infections should be constantly borne in mind in this country
during the routine of our attendance on the sick. We have a vari-
ety of parasites which are common among native-born citizens.
They are even more prevalent and occur in greater variety among
our foreign-born. Our duties in regard to parasites are two-fold,-
the cure of disease in the sick and the protection of others against
infection. With backward or irritable children, especially when the
cause of disease is not at once apparent, microscopic examination of
the stool should always be made to detect the possibility of some
helminthic cause. All persons returning from a sojourn in the
tropics should have the blood and stool examined for parasites as a
part of the routine medical examination, and this applies especially
to missionaries, prospectors, engineers, etc. whose work entails their
constant exposure to infection in primitive or unsanitary surround-
ings. We cannot relegate animal parasitism to climatic zones; it is
a subject of importance clinically in all climates.
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